With the growing interest among researchers, practitioners, and urban decision makers in the influence of the built environment on peoples' health, there is increasing emphasis on using scientific knowledge to inform urban design, including methods of neuroscience. As window views are the most immediate medium of visual connection with one's neighbourhood, we surmised that the quality of this view would have an impact on the mental health and well-being of urban dwellers. Accordingly, we investigated how window views taken from different floors of a high-rise block with varying extents of green cover affected 29 healthy residents in an exploratory electroencephalography (EEG) experiment. The results showed that the amount of green cover within the view captured at different floor levels can cause an important interaction effect on the frontal alpha and temporal beta brain oscillations while participants view photographs. These results suggest that the brainwave patterns commonly associated with positive emotional states, motivation, and visual attention mechanisms may be increased by the extent of green cover within the view. This phenomenon seems more pronounced on the higher than lower floors. The observed findings at this stage cannot confirm major effects between floor level, green cover, and brainwaves, however, they emphasize the importance of considering the quality of window views in the planning and design of urban high-rise neighbourhoods. Having a green window view can potentially contribute to the mental health and well-being of urban dwellers.
Introduction
More than half the world's population now lives in cities [1] . High population density often requires residential housing to go up, with increasing numbers of floors. In fact, going high-rise is a modern-day phenomenon, seen as a solution to the double conundrum of land scarcity and increasing numbers of urban dwellers, especially in populous Asian cities such as Singapore, Hong Kong, and Tokyo.
Singapore is one of the most densely populated countries in the world, with over 7000 people per square km [2] . High-rise residential apartments, commonly called the Housing & Development Board (HDB) blocks, are ubiquitous, even iconic, in the Singapore landscape and are home to more than 80% of the population [2] . The newest HDB blocks stretch 50 floors and consist of 200 housing units on average. As living space rises further from the ground, direct physical contact with nature outdoors is often limited to moments when residents leave their apartments, take the elevator to the ground floor, and go outside. The only other possibility of contact with nature is visual access through apartment windows.
Health and Well-Being of Residents of High-Rise Estates
Multiple studies in predominantly Western literature have shown reduced liveability of high-rise buildings as compared to ground floor living, especially for children [3] [4] [5] [6] . High-rise estates are often associated with poor living conditions, including social isolation, segregation, pollution, and crime [7] . Critics cite problems of structural, internal and urban design, social, financial and management issues, etc. [8] . High-rise residential buildings are generally considered attributes of less liveable cities, as they do not have a human scale, separate people from the street life, and promote social isolation [9] .
Interestingly, studies of Asia, where urbanization is occurring much more rapidly, take a different perspective, and scholars criticize the Western-oriented literature. For instance, Appold [10] observes that research on high-rise residential apartments tends to be skewed towards a selected segment of the population-the poor and working class-excluding the more affluent residents of such buildings. Because of critical blind spots caused by human biases towards the income status of the residents, studies tend to associate behaviours of poverty with the living situation. Upon closer study and controlling for confounding factors, Gifford [4] concludes that the commonly quoted negative effects can be eliminated when high-rise apartments are in better and more expensive neighbourhoods and residents can choose whether to stay there. This finding is supported by a nationwide survey conducted by the "Biophilic Town Framework" research project in Singapore; the project reveals that 74.9% of HDB residents are satisfied with their quality of life and 69.4% are satisfied with their health [11] .
If we assume the high-rise environment has disadvantages, we should also assume the opposite is true: there are advantages. For example, a primary compensating factor for living in a high-rise environment is the potential to have a good view and be above one's neighbours. Having a scenic view is widely known to add value to real estate, raising the price of houses in the United States by up to 90% and that of high-rise apartments in Singapore by 15% [12] . Even though the latter is smaller than the former, it is still notable. In Singapore, units on the upper floors of apartment buildings are generally priced higher than units on the lower floors. Similar effects are visible in Hong Kong, another high-rise city; here, proximity to neighbourhood parks can increase prices by 17%, with a 5% increase for a harbour view [13] . A caveat is in order: if high-rise buildings are located in high-density areas, window views may be blocked and higher floors may not confer higher prices.
Psychological Responses to Urban Landscapes
The quality of window views plays an important role in the overall liveability of Singapore's high-rise estates. It is the most immediate medium to visually connect residents with the outdoor environment. Studies in environmental psychology have firmly established the benefits of the presence of or interaction with green space or nature on human well-being [14, 15] . Attention restoration theory (ART) suggests contact with the natural elements has a beneficial effect on stress reduction and recovery from mental fatigue [16] . In addition, Ulrich [17] demonstrates that hospital patients who have a window view over greenery recover faster and with less pain medication than patients without such a view. This phenomenon illustrates Wilson's biophilia hypothesis [18] , whereby humans have an innate desire to form connections with nature.
Information about the surrounding environment is received through the five senses; vision is the dominant sense, estimated at providing 83% of information [19] . Visual sensory receptors capture information which is then transported through neurons to the brain where it is processed and interpreted. This suggests the value of looking at brain activity when we want to gauge the perception of environmental stimuli, a value heightened by the fact that during different activities and exposure to different stimuli, different parts of the brain are activated.
The activity of the brain can be analysed through the electromagnetic waves it generates at different frequencies and amplitudes. These waves can be recorded using the method of electroencephalography (EEG). The four most important brainwave frequency bands are: (1) delta (<4 Hz); (2) theta (4-7.5 Hz); (3) alpha (7.5-14 Hz); and (4) beta (>14 Hz) [20] . They can be recorded using EEG as raw electrical signals from the brain in a laboratory environment. Research in psychology has established that specific brainwave patterns emerging from different areas of the brain can be related to different behaviours. Two categories of brainwaves are especially relevant to the present work.
The first category of brain waves is alpha waves. Multiple studies have confirmed a relationship between increased right frontal alpha power and the human tendency to approach a stimulus perceived as positive or goal-relevant [21] [22] [23] . Beyond being an indicator of positive versus negative attitudes toward a stimulus, evidence suggests that this pattern of brain activity can be a marker of depression and other disorders affecting approach/withdrawal behaviour and motivation [24] [25] [26] .
The second category of brainwaves is beta oscillations. Beta oscillations dominate in the waking state and have been associated with attentional processes, notably when they emerge from lateral and posterior parts of the brain [27, 28] . These areas are involved in visual attention [29] , interpretation of visual information and memory for pictures, visual scenes, and familiar faces [30, 31] . This involvement of beta oscillations in visual processes and attention suggests that they are a potential marker for the attention mechanisms that support the shift from focused to involuntary attention that is proposed by ART.
While constantly evolving neuroscience provides new ways of assessing the impact of stimuli on mental health and well-being, studies considering the effect of green space or nature on the brain remain limited. An exception is a recent experiment testing the effect of walking through urban areas and green space, with subjects monitored by mobile EEG headsets [32] . A similar study has established that stress and anxiety are reduced when viewing external nature as compared to city scenes or indoor plants [33] . Other studies have assessed physiological responses to "forest bathing", a therapy originating from Japan that emphasizes the healing effect of walking in a forest, and various exposures to urban vs. forest environments. These studies agree that exposure to a forest reduces anxiety and negative emotions, decreases the heart rate and salivary cortisol level, and increases positive emotions [34] [35] [36] .
A recent study by the first author used the EEG method to test the possibility that exposure to certain physical attributes of urban parks and gardens can enhance well-being [37] . Participants' brains responded differently to two blocks of stimuli identified as contemplative and noncontemplative landscape settings, presented through still-frame videos in a laboratory setting. The study used seven landscape features previously identified by a panel of experts as contributing to the level of contemplativeness: landscape layers, landform, vegetation, light and colour, compatibility, archetypal elements, and character of peace and silence. Differences were observed in the temporal beta and frontal alpha asymmetric oscillations. Given this set of results, it is possible that other conditions may elicit similar brain responses relating to human well-being.
Scope and Hypotheses
In this study, we investigated how the combinations of viewing height and the amount of green can impact the brainwaves of viewers. Findings have the potential to yield insights into how living in high-rise estates can influence the mental state of residents. Based on the literature reviewed above, we expected to see differences between the left and right brain hemisphere in alpha and beta responses when participants were shown different blocks of stimuli. We reasoned that by comparing responses from all blocks of stimuli, we might be able to pinpoint the optimal combination of floor level and green coverage.
A particular focus of the study was the effects of the views on the power of the alpha oscillations in the frontal cortex (AF3, F3/AF4, F4). Increased right frontal alpha power was taken to indicate motivation, approach, and positive attitude toward the presented view, while increased left frontal alpha power was associated with withdrawal, avoidance, and negative attitudes. We hypothesized that: Hypothesis 1 (H1). An increasing level of greenery within the view would trigger greater right frontal alpha power reflecting a more positive response, a reaction anticipated by attention restoration theory (ART) or the biophilia hypothesis.
Hypothesis 2 (H2).
Greater right frontal alpha power would be associated with increasing floor level, given the arguments in the literature on the comfort of long-distance views and their benefits to mental health [38, 39] .
In addition, the study also examined the beta power band oscillations in the temporal region (T7/T8), giving rise to the third hypothesis: Hypothesis 3 (H3). Increased beta power would be seen in participants' right temporal lobe when they were looking at pictures with higher levels of greenery and at a higher floor, reflecting the effect of these views on visual processes.
Materials and Methods

Participants
A total of 33 participants (14 female, 19 male) were recruited. Four data recordings were rejected because of excessive noise or movements, leaving the final number of participants as 29 (11 female, 18 male). The participants had to have resided in any HDB flat for more than a year, not necessarily the HDB flat from which the photographs were recorded. All participants were Singaporeans or Permanent Residents of Singapore, including Chinese (n = 19), Indians (n = 5), Eurasians (n = 4), and Malays (n = 1). Their ages ranged from 21 to 67 years (M = 31; SD = 10.3). The majority have a higher education of university degree and above (n = 22) or polytechnic diploma (n = 3). There were fewer participants with "O" Level (13-16 years old) education (n = 2) or "A" Level (17-18 years old) education (n = 2).
The majority of the participants (n = 15) had lived in HDBs for over 20 years (between 21 and 52 years), fewer (n = 10) had lived there between 5 and 15 years, and a minority (n = 4) had lived there between 1 and 3 years.
Most participants were right-handed; only three people reported left-handedness. All participants had normal or corrected to normal vision. Moreover, none reported a fear of heights and any psychiatric or neurological conditions, use of medication that could alter the functioning of the central nervous system at the time of the experiment. The existence of pacemakers, intracranial electrodes, implanted defibrillators or plates, otologic surgery in the last 12 months, or any dentures were additional exclusion criteria. None of the recruited participants was excluded.
All participants signed an informed consent form before participation.
Materials
Stimuli
We decided to use photographs as a representation of the real window views in the laboratory setting as it poses no serious problems in terms of scientific validity. Studies show there is a strong positive correlation between the ratings of the photographs versus real landscape settings [40, 41] . Thirty-six images representing window views from different floor levels and with different amounts of greenery within the view were prepared for the experiment. The preparation of the stimuli comprised two stages: Stage 1-visits to three selected HDB neighbourhoods (Pinaccle@Duxton, Toa Payoh, and Casa Clementi; see Figure 1 ), with photos collected from the 3rd, 6th, 12th, and 24th floor of the residential building. Stage 2-editing of the photographs to provide instances of three levels of green cover, minimal (11-20%), medium (28-41%), and high (50-78%), per view.
In Stage 2, these 12 photographs were processed with Autocad 2015 (Autodesk Inc., San Rafael, CA, USA) software to determine the percentage of green cover, then edited in Adobe PhotoShop CS4 (Adobe Systems Inc. San Jose, CA, USA,) to either increase or reduce the amount of green cover. The edited images were then assessed for the percentage of greenery within the image using Autocad 2015. In Stage 2, these 12 photographs were processed with Autocad 2015 (Autodesk Inc., San Rafael, CA, USA) software to determine the percentage of green cover, then edited in Adobe PhotoShop CS4 (Adobe Systems Inc. San Jose, CA, USA,) to either increase or reduce the amount of green cover. The edited images were then assessed for the percentage of greenery within the image using Autocad 2015. Stage 1 yielded 12 site photographs, and this number was multiplied by three after Stage 2. The final set of 36 images was divided into 12 blocks of stimuli (B1-B12), each including three images, one from each site, with the same range of green cover and the same floor level ( Figure 2 ). The mean pixel luminosity (lightness value in lab colour space) of all the images was between 110 and 150 units. All stimuli were presented in randomly ordered sequences using PsychoPy [42] , where each of the 36 images was displayed for 10 s and preceded by a 2-s-long white fixation cross over a black background. Stimuli sequences were presented to each participant three times. Stage 1 yielded 12 site photographs, and this number was multiplied by three after Stage 2. The final set of 36 images was divided into 12 blocks of stimuli (B1-B12), each including three images, one from each site, with the same range of green cover and the same floor level (Figure 2 ). The mean pixel luminosity (lightness value in lab colour space) of all the images was between 110 and 150 units. All stimuli were presented in randomly ordered sequences using PsychoPy [42] , where each of the 36 images was displayed for 10 s and preceded by a 2-s-long white fixation cross over a black background. Stimuli sequences were presented to each participant three times. Total experiment duration per participant was 23 min. Images were presented using a NEC-M420X projector (NEC Display Solutions, Ltd., Tokyo, Japan) on a white screen (165 × 225 cm; see Figure 3c ).
Total experiment duration per participant was 23 min. Images were presented using a NEC-M420X projector (NEC Display Solutions, Ltd., Tokyo, Japan) on a white screen (165 × 225 cm; see Figure 3c ). 
EEG Apparatus
The EEG data were collected using a 16-channel electroencephalographic amplifier Emotiv EPOC+ (Emotiv Inc., San Fransicso, CA, USA). The montage consisted of 14 saline electrodes plus one Common Mode Sense (CMS) and one Driven Right Leg (DRL) electrode (P3/P4 locations respectively) arranged according to the 10-20 system, as depicted in Figure 4 . The CMS electrode functioned as an implicit recording reference. The device was wireless (operating with Bluetooth) with a lithium-based battery and was connected to a laptop through the Emotiv Xavier Pure.EEG software Version 3.4.3 (Emotiv Inc., 2016). 
Procedure
Data Collection
Data acquisition took place in a quiet visualisation lab on the university premises. All electronic devices in the room were switched off, except the stimulation and EEG recording systems, to reduce all possible external electromagnetic artefacts. Subjects were instructed to fill out the informed consent and sociodemographic questionnaire prior to the experiment. In the latter, they were asked, among the general information, to provide information on which floor they live on, what they could 
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Procedure
Data Collection
Data acquisition took place in a quiet visualisation lab on the university premises. All electronic devices in the room were switched off, except the stimulation and EEG recording systems, to reduce all possible external electromagnetic artefacts. Subjects were instructed to fill out the informed consent and sociodemographic questionnaire prior to the experiment. In the latter, they were asked, among the general information, to provide information on which floor they live on, what they could see from their windows, and if they were afraid of heights. During the experiment, participants were instructed to passively observe all images of the window views.
Baseline resting state was recorded for 2 min (1 min of eyes closed and 1 min of eyes opened) before the experiment start. These data were not the focus of the present study and were not examined further. During the experiment, the stimulation software sent event markers to the acquisition software through a virtual port as each image came on screen.
The scalp of the participant was cleaned with a cotton pad wetted with ethylic alcohol, with special attention to the areas where the electrodes were placed. The headset with 14 active electrodes was placed on the participant's head, and the embedded CMS/DRL electrodes were located at the P3/P4 locations (see Figure 3) . Electrode impedance was decreased by using saline liquid until the level required by the software was reached (in the 10-20 kΩ range). The EEG signal was acquired at a 256 Hz sampling rate.
Participants were seated on a chair placed 2.5 m in front of the projection wall. Those with correction lenses kept their glasses on. Participants were instructed to watch the window views and imagine they were looking out a window. Each participant was informed about the two parts of the experiment, baseline recording and window view presentation, and the duration of each.
Data Processing and Analysis
The EEG data were processed with the EEGLAB toolbox (version 14.1.1b [43] ) in Matlab (version 7.11.0.584, The Mathworks Inc., Natick, MA, USA). Raw data were imported from Emotiv software text output and filtered using high-pass sync filters (stop band edge: 3 Hz, 425 points, transition band: 2 Hz). Artefactual sections of the data were interpolated using the Artifact Subspace Reconstruction technique in EEGLAB ( [44] ; burst criterion: 20 SDs, Window criterion: 0.75), and noisy channels were removed using the random sample consensus method (RANSAC [45] ; criterion: R < 0.80). The resulting signal was visually examined, and participants with excessive residual movement and muscle artefacts were rejected. Data then underwent an independent component analysis (ICA; [46] ), after which we visually identified and rejected components that captured eye movement, eye blinks, and cardiac artefacts. Data were back-projected to yield an artefact-free EEG signal, and previously discarded channels were replaced using spherical interpolation. The EEG signal was cut into epochs time-locked to stimulus onset; each had a 2-s prestimulus baseline and a 10.5-s poststimulus interval. EEG epochs were baseline corrected and re-referenced to a 14-channel average reference. An average reference was chosen because it is standard for EEG oscillations analysis [47] , and it allowed to overcome the lateralization bias introduced by the left placement of the implicit CMS recording reference.
EEG epochs were decomposed into frequency bands of interest using a continuous wavelet transform implemented in EEGLAB [31] . Wavelet decomposition covered frequencies from 6 to 20 Hz (c = 3-10, increasing linearly). This covered the frequency bands of interest: alpha (8-13) and beta (14) (15) (16) (17) (18) (19) (20) . Wavelet output was used to compute raw power, and data were normalized using a full epoch average, followed by a normalization using average baseline power taken between −500 and −250 ms before image onset [48] . The baseline interval did not extend until onset, thus preventing responses close to image onset from influencing baseline measurements through smearing [7] . Data were transformed to a decibel scale (10*log (signal) and averaged over frequency bands of interest for further analysis. Because we were interested in the sustained responses to images, we examined power averages over a 1-9 s interval postimage onset.
Statistical Analysis
EEG power was analysed for each frequency band and electrode group of interest separately using three-way repeated measures ANOVAs with three factors: Green cover (3 levels), Floor (1st, 6th, 12th, 24th), and Hemisphere (left and right). To explore differences between specific factor cell mean, we performed post hoc pairwise analysis and controlled for multiple comparisons (Holm-Sidak method). For each ANOVA, we reported generalized eta square effect sizes. In addition, to assess the robustness of the results, pairwise comparisons of interest were further investigated using a Bayesian probabilistic approach. This has several advantages over traditional t-tests, notably estimates are more robust to the presence of outliers and require less assumptions on the nature of the data (see [49] for further details). For each comparison of interest, we computed the probability that block differences were in the observed direction. Probabilities were computed in R (http://www.r-project.org/) from the posterior distribution computed using Markov chain Monte Carlo (MCMC) sampling performed in JAGS [50] .
Results
Mean Frontal Alpha Power (AF3, F3/AF4, F4)
The three-way repeated measures ANOVA revealed that for the alpha frontal oscillation, there was a marginally significant interaction between the factors Green cover, Floor, and Hemisphere F(4,112) = 1.98, p = 0.10, η 2 = 0.002. No other effects were significant (ps > 0.48). Follow-up of the three-way interaction using pairwise multiple comparison procedures revealed a significant difference between hemispheres within B9 (p = 0.002) with the Bayesian approach, indicating a 99.96% probability of greater power in the right hemisphere. A trend toward significance was observed within B8 (p = 0.123), with 89.2% probability of greater power in the right hemisphere, and within B3 (p = 0.185), with 92.98% probability of greater power in the right hemisphere. No other pairwise block differences were significant or showed a trend towards significance (p > 0.214) ( Figure 5 ).
To sum up, there was significantly greater right frontal alpha power in participants exposed to photos taken from the 12th floor with the highest amount of green cover. For the photos with highest or medium green cover taken from other floors, the results showed a trend towards significance within the 3rd and 12th floors, but no significance was observed in the case of 6th and 24th floors. a Bayesian probabilistic approach. This has several advantages over traditional t-tests, notably estimates are more robust to the presence of outliers and require less assumptions on the nature of the data (see [49] for further details). For each comparison of interest, we computed the probability that block differences were in the observed direction. Probabilities were computed in R (http://www.r-project.org/) from the posterior distribution computed using Markov chain Monte Carlo (MCMC) sampling performed in JAGS [50] .
Results
Mean Frontal Alpha Power (AF3, F3/AF4, F4)
The three-way repeated measures ANOVA revealed that for the alpha frontal oscillation, there was a marginally significant interaction between the factors Green cover, Floor, and Hemisphere F(4,112) = 1.98, p = 0.10, η² = 0.002. No other effects were significant (ps > 0.48). Follow-up of the threeway interaction using pairwise multiple comparison procedures revealed a significant difference between hemispheres within B9 (p = 0.002) with the Bayesian approach, indicating a 99.96% probability of greater power in the right hemisphere. A trend toward significance was observed within B8 (p = 0.123), with 89.2% probability of greater power in the right hemisphere, and within B3 (p = 0.185), with 92.98% probability of greater power in the right hemisphere. No other pairwise block differences were significant or showed a trend towards significance (p > 0.214) ( Figure 5 ).
To sum up, there was significantly greater right frontal alpha power in participants exposed to photos taken from the 12th floor with the highest amount of green cover. For the photos with highest or medium green cover taken from other floors, the results showed a trend towards significance within the 3rd and 12th floors, but no significance was observed in the case of 6th and 24th floors. 
Mean Temporal Beta Power (T7/T8)
The three-way repeated measures ANOVA revealed a significant interaction between the factors Green cover, Floor, and Hemisphere F(4,112) = 2.97, p = 0.022, η² = 0.01. No other effects were significant (ps > 0.37). Follow-up of the three-way interaction using pairwise multiple comparison procedures revealed a significant difference between hemispheres for B3 (p = 0.033), with Bayesian analysis indicating 95.91% probability of greater power in the right hemisphere. There was a trend toward significance for the same effect in B10 (p = 0.118), with 89.7% probability of greater power in the right hemisphere. The opposite difference between hemispheres was marginally significant for B1 (p = 0.087), with 94.1% probability of greater power in the left hemisphere, and there was a trend toward significance for B2 and B4 (resp., p = 0.159 and p = 0.112), with resp. 92.6% and 94.4% probability of greater power in the left hemisphere. No other differences were significant (p > 0.356) (Figure 6 ). 
The three-way repeated measures ANOVA revealed a significant interaction between the factors Green cover, Floor, and Hemisphere F(4,112) = 2.97, p = 0.022, η 2 = 0.01. No other effects were significant (ps > 0.37). Follow-up of the three-way interaction using pairwise multiple comparison procedures revealed a significant difference between hemispheres for B3 (p = 0.033), with Bayesian analysis indicating 95.91% probability of greater power in the right hemisphere. There was a trend toward significance for the same effect in B10 (p = 0.118), with 89.7% probability of greater power in the right hemisphere. The opposite difference between hemispheres was marginally significant for B1 (p = 0.087), with 94.1% probability of greater power in the left hemisphere, and there was a trend toward significance for B2 and B4 (resp., p = 0.159 and p = 0.112), with resp. 92.6% and 94.4% probability of greater power in the left hemisphere. No other differences were significant (p > 0.356) (Figure 6 ). Summing up, the pattern of greater right beta temporal activity as compared to the left was significant only in the case of the highest level of green on the 3rd floor. Moreover, the trend towards significance was observed within the least-green views from the 24th floor. The opposite brainwave pattern, namely, the greater beta temporal on the left than on the right side of the brain, was observed as a trend towards significance, for the lowest and medium green covers within the view in the case of 3rd and 6th floors.
Discussion
The objective of this study was to explore if the conditions of height of view and amount of vegetation have an effect on brain responses and whether a certain combination is beneficial to wellbeing in a high-rise environment. The study has two main findings.
First, the analysis of frontal alpha oscillations revealed significantly greater right frontal alpha power in participants exposed to photos taken from the 12th floor with the highest amount of green cover. In light of the approach-withdrawal hypothesis [23] , this suggests that participants displayed approach behavioural tendencies towards these views, likely related to associated positive attitudes. Another possibility is that participants liked those scenes or had feelings of pleasure when they appeared, following the findings of Davidson et al. [21] , who examined brainwaves of participants simultaneously watching and evaluating television shows. Positively rated TV scenes were associated with greater relative left-hemispheric alpha frontal activation, while negatively rated scenes were associated with greater relative right-hemispheric frontal activation.
Given the above findings, the first hypothesis (H1) was not fully supported-we observed that only the 12th floor, greenest window view induced increased right frontal alpha power (we did not observe a significant effect for the 3rd, 6th, and 24th floors). However, these results may indicate that the level of green cover within a view may cause an important interaction in increasing positive motivation and approach and/or decreasing the withdrawal response in the participants. Of course, the brain responses of participants might indicate differences in underlying affective responses, as alpha frontal activation is related to joy and relaxation or disgust and fear [22] , but we did not perform an affective study nor a study on the levels of familiarity of participants with the perceived stimuli. This remains for future work.
The floor level did not seem to play a role in the alpha frontal oscillations, although views from the higher floors may have induced a withdrawal effect in the participants. Therefore, the second hypothesis (H2) was not substantiated.
Second, the result of the analysis of beta temporal oscillations suggest an interaction between certain window views and attention mechanisms; this might be related to spatial recognition and the ability to grasp the entire image instead of its fragments. EEG studies show that the attention shift mechanism is associated with increased temporal beta in the right compared to the left hemisphere Summing up, the pattern of greater right beta temporal activity as compared to the left was significant only in the case of the highest level of green on the 3rd floor. Moreover, the trend towards significance was observed within the least-green views from the 24th floor. The opposite brainwave pattern, namely, the greater beta temporal on the left than on the right side of the brain, was observed as a trend towards significance, for the lowest and medium green covers within the view in the case of 3rd and 6th floors.
The objective of this study was to explore if the conditions of height of view and amount of vegetation have an effect on brain responses and whether a certain combination is beneficial to well-being in a high-rise environment. The study has two main findings.
Second, the result of the analysis of beta temporal oscillations suggest an interaction between certain window views and attention mechanisms; this might be related to spatial recognition and the ability to grasp the entire image instead of its fragments. EEG studies show that the attention shift mechanism is associated with increased temporal beta in the right compared to the left hemisphere [28, 52] . A similar pattern appeared in Olszewska's [37] study, in which it was found that when participants were observing 3D videos of landscapes classified as the most contemplative, their right temporal brain was more engaged as compared to when they were observing noncontemplative images. In the current study, this pattern occurred with significance only for the ground floor photos with maximal levels of green cover. A trend for the same effect was suggested for the 24th floor photos with minimal green cover. This corresponds to earlier mentioned benefits of interaction with nature as demonstrated in Ulrich's [17] window view study, that is reinforced by Kaplan's [16] attention restoration theory and Wilson's [18] biophilia hypothesis.
Decreased temporal beta power effect, although not significant, was suggested for blocks at lower floors and higher levels of green cover. While we must be cautious in interpreting these patterns, it is possible that the proximity of lush green observed from the lower floor enhanced focused visual attention because of the relatively easy access to an outdoor landscape and familiarity of the element of nature. A reverse effect was observed for photographs with lower green cover taken from the lower floors, suggesting that less-green window views may not induce a positive motivation. Nevertheless, the collected evidence is not sufficient to support the third hypothesis (H3) for all investigated instances but may suggest important interaction effects that may be explored in future studies.
Interestingly, beta oscillations effects showed a trend towards significance within B10, the least-green view from the 24th floor. This finding seems contradictory given the above analysis. It may reflect a complex phenomenon occurring in the brain-an increased beta temporal activity in the right hemisphere ought to be juxtaposed to less alpha power in that hemisphere. The visual attention, combined with the pattern of withdrawal, may be then interpreted as a negative phenomenon. This can possibly relate to a natural reaction (i.e., cautiousness) in regard to height as objects on the ground get smaller and become less human scale in the eye of the viewer.
The approach we used for this study was exploratory. It was meant as a first step toward future research that would confirm these findings and reach stronger conclusions. Limitations include the use of relatively noise-sensitive equipment for EEG recording. The sample size was limited and was adequate to detect medium-to-major effects only. We did not include a large number of conditions (floors), and this limits our ability to explore the continuity of observed phenomena. Further research should address these limitations.
Nevertheless, this study shows that different amounts of greenery within a window view can alter the brainwave patterns of the observer. Higher levels of green coverage within the window view can induce brainwave patterns associated with approach, motivation, and relaxation. They may have the potential to help with certain mental health disorders. The expectation of more positive brain responses from higher floors appears less accurate, as the pattern of positive approach seemed to reverse between the 12th and 24th floors. Window views from the highest floors may stimulate people's brains in a less positive way, but an increased level of green cover within the view may potentially limit this effect.
Conclusions
To the best of our knowledge, this is the first experimental study to assess the effects of the combination of floor level and green cover within a window view on the brainwave oscillations of healthy individuals living in high-rise estates.
The experiment emphasizes the importance of the quality of window views as the most immediate contact with the outdoors for urban dwellers and validates their potential interaction with well-being.
The design of window views should be considered by urban planners and architects in new high-rise buildings. A preliminary design recommendation is that very tall buildings, generally over 24 floors, may not be beneficial to residents in terms of mental health and well-being, although negative effects can be mitigated with increased green coverage visible from the higher floors, underlining the importance of tree canopies.
To the increasing scientific evidence of the benefits of nature on people, extending beyond physical health, this study provides a supplementary idea: landscape design can be considered from the perspective of the window view.
As cities focus on urban greening strategies to increase the provision of nature to their inhabitants, findings from this study take on added significance. Future research would be well-advised to continue to investigate the relationship between the features present in the window views of high-rise apartments and the brain responses of healthy individuals, as these features may be directly related to mental health and well-being.
